1.. INTRODUCTION
================

Since 1882, cholecystectomy has been used as the most common treatment for gallstones, a prevalent gastrointestinal disease ([@ref1], [@ref2]). Nowadays, however, the laparoscopic cholecystectomy (LC) has replaced the mentioned conventional method

The main advantages of this method include lower hospitalization duration, small incisions made during the surgery, fewer complications, and shorter recovery periods for the patients ([@ref1]-[@ref3]). According to the studies, the incidence of complications after laparotomic cholecystectomy is reported 5-17% ([@ref3], [@ref4], [@ref5]), while it is decreased to 2-10% in the laparoscopic approach ([@ref1], [@ref2]). Considering the mentioned advantages, laparotomic cholecystectomy is now approved as the gold standard treatment for symptomatic gallstone ([@ref1]).

Any alterations in the liver enzymes following abdominal surgeries, especially cholecystectomy, could lead to a challenge after the surgery. So far, different results from various studies have been presented among which some seem to be contradictory. While in some studies it has been shown that laparoscopic cholecystectomy does no affect on liver function tests ([@ref6], [@ref7]), others believe in transient alterations following this procedure ([@ref8], [@ref9]); even 72 h after the intervention ([@ref4], [@ref10]). Although the exact mechanism behind the changes in these enzymes and bilirubin is still unclear, it has been hypothesized that anesthetics medications and impaired blood supply through the surgery ([@ref3], [@ref4]) could play roles. Impaired blood supply due to cardiovascular issues could also be resulted in increased intra-abdominal pressure after carbon-dioxide (CO2) injection or its absorption. The mentioned condition might be a possible etiology as well as reverse Trendelenburg position ([@ref11], [@ref2], [@ref12]).

2.. AIM
=======

According to the facts stated above, the aim of the current study was to investigate the possible changes in the liver enzymes levels following laparoscopic cholecystectomy in patients diagnosed with chronic cholecystitis.

3.. METHODS
===========

This cross-sectional study was conducted in Poursina Hospital (Guilan University of Medical Sciences, Rasht, Iran) between April 2017 and April 2018. Our protocols and methods were approved by the Medical Ethics Committee of the affiliated hospital. All patients were asked to sign a paper printed consent form freely after being explained all the aims and methods according to their knowledge. The study was also in accordance with the 1975 Declaration of Helsinki and its next revisions. The inclusion criteria were adopted to include any patient diagnosed with gallstone and a candidate for laparoscopic cholecystectomy. The exclusion criteria were defined as iatrogenic biliary injuries, common bile duct diameter greater than 12 mm, preoperative abnormal liver function tests, hypotension, pregnancy, pancreatitis, previous major abdominal surgery, and diabetes mellitus.

The demographic data including age, gender, height, weight, body mass index (BMI), and duration of operation were recorded in patients' files. The patients underwent laparoscopic cholecystectomy under general anesthesia with CO 2 pressure between 15 to 20 mmHg. The blood samples were collected before the operation, and also 24 h (post-op 1) and 48 h (post-op 2) after the surgery and analyzed for alkaline phosphatase (ALP), alanine aminotransferase (ALT), aspartate aminotransferase (AST), lactate dehydrogenase (LDH), and bilirubin levels.

Data from each collection step were saved into an Excel file and re-checked by another author. Then, the appropriate statistical analyses were performed. Repeated-measure analysis of variance and Bonferroni tests were used to investigate the difference between pre and post-surgical levels of laboratory parameters as well as their possible associations with demographic characteristics. Any P-values less than 0.05 were considered statistically significant. Analyses were performed using Statistical Package for Social Sciences version 20.0 (SPSS, Inc. Chicago, IL, USA).

4.. RESULTS
===========

Based on the inclusion criteria, 140 patients were enrolled among whom a final number of 128 patients were selected for further analysis after meeting the exclusion criteria. Table 1 demonstrates the demographic data of our study population. As data shows, 85.16% (N=109) and 14.84% (N=19) of the patients were female and male, respectively, with the mean age of 65.1±14.6 years. Also, the mean calculated BMI was 19.43±2.19 (kg/m^2^). Table 2 represents mean, standard deviation and 95% confidence interval of laboratory parameters.

The differences between outcome measurements of baseline values and post-op 1 and 2 and also between post-op 1 and post-op 2 were also assessed and shown in Table 3. According to these data, no statistically significant difference was found between baseline and post-op 1 and 2 values for ALP (p=0.20 and 0.99, respectively). A comparison between post-op 1 and 2 values showed the same result (p=0.99). On the other hand, AST and ALT values were significantly different in post-op 1 and 2 measurements compared to their preoperative level (P\<0.05). However, the difference between post-op 1 and 2 values was not statistically significant (p=0.57 for AST and 0.33 for ALT). In comparison to the baseline level, LDH had a significant increase in post-op 2 samples (P\<0.05), but not in post-op 1; although, it was close to significance. (P=0.06). There was also a significant rise in LDH in post-op 2 samples compared to post-op 1 levels (P\<0.05). Total bilirubin measurements demonstrated a significant increase compared to their baseline values in both post-op 1 and 2 evaluations (P\<0.05). There was also a significant increase in total bilirubin from post-op1 to post-op 2 measurements.

In sub-group analysis, age, gender and, BMI showed no significant association with the postoperative changes of the evaluated enzymes (P\>0.05).

5.. DISCUSSION
==============

In the current study, we found significant increases in AST, ALT, and bilirubin, 24 h and 48 h after laparoscopic cholecystectomy. Moreover, a delayed significant increase of LDH and a non-significant change of ALP were observed 48 h after the surgery. Moreover, the results showed no evidence on the role of age, sex, and BMI on the mentioned parameters.

Nowadays, the laparoscopic cholecystectomy has replaced open surgery and is considered as the gold standard treatment for gallstone disease. However, some studies have shown that alterations in liver enzymes, bilirubin, and LDH are commonly expected after laparoscopic surgeries with different etiologies being hypothesized. In a study by Guven and Oral, liver enzymes, as well as LDH, were investigated in two groups of patients who had undergone laparoscopic and open cholecystectomy. According to their results, AST, ALT, and LDH (but not ALP) were significantly increased following laparoscopic cholecystectomy ([@ref13]). Hasukic et al. showed that 48-hour post-intervention levels of AST and ALT were significantly higher in patients undergone laparoscopic cholecystectomy in comparison to open surgery. However, they mentioned that LDH and ALP were remained unchanged after 48 h. Considering another similar study by Halevy et al., it has been shown that after laparoscopic cholecystectomy, AST, ALT, ALP, and bilirubin levels were increased by 73%, 82%, 53%, and 14%, respectively ([@ref10]). Enzymes returned to normal values 72 hours after surgery in this study. Their result was almost in line with our results, except for ALP levels and the duration of follow up. In our study, there was a trend toward normal values for AST and ALT, 48 hours after surgery which could be confirmed in a longer period of follow up. There are controversies regarding the effect of issues such as gender and age of the patient and the post-operation time that enzymes increase after surgery on the enzyme alterations ([@ref14], [@ref7], [@ref1], [@ref15], [@ref10]). We found that there is no significant correlation between age, gender and, BMI on the post-operative enzyme alterations.

Hajnasrollah et al. demonstrated that nearly four percent of patients undergoing laparoscopic cholecystectomy had bile duct injuries in further need of surgical repairs. Accordingly, they recommended assessing the liver enzymes for the detection of potential biliary injuries ([@ref12]). However, in our study, it was observed that an increase in liver enzymes was common among the majority of patients undergoing laparoscopic cholecystectomy regardless of bile duct injury, and therefore this alteration could not be an appropriate tool for monitoring iatrogenic bile duct injuries.

Neri et al. demonstrated that the mean levels of AST and ALT were significantly increased 24 h after laparoscopic cholecystectomy which is compatible with our results. They also detected no significant changes in bilirubin levels which are in contrast to our finding of a significant increase in. bilirubin levels after surgery.

Furthermore, they showed that BMI\>28 is a risk factor for alteration in the liver enzymes which seems not to agree with the results from our study. they also revealed that three days after surgery, the liver function tests regained their normal range ([@ref16]). We followed our patients for 48 h after surgery and although the final values for AST and ALT were still significantly different from pre-operative measures, the difference between post-op 2 and post-op 1 was not significant which reflects the level of enzymes shifting towards their normal values. This outcome could be further confirmed through a longer follow-up course.

Studies are stating that increased abdominal pressure during laparoscopy could result in hepatocellular ischemia which in turn elevates serum level of ALT ([@ref17], [@ref18]). Mohindra et al. ([@ref17]) reported an alteration in liver function test, especially ALT, in the patients undergoing laparoscopic cholecystectomy. However, we did not consider the effect of abdominal pressure as a factor of influence on the enzyme increase, although the same pattern of enzyme increase was observed in our study.

6.. CONCLUSION
==============

Our study demonstrated significant increases in the bilirubin and liver enzymes levels after LC, except for ALP. Considering that no side effect was observed after the surgery, this increase seems to be due to the laparoscopic surgery itself and not a serious complication. However, further studies with larger sample size and multi-center trials would yield more definite results, along with meta-analyses. Authors strongly suggest the consideration of confounding factors such as duration of surgery, background diseases, CO2 pressure, utilized anesthetic agents and longer follow-ups.
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###### demographic characteristics in patients

                                  Frequency   Percent
  -------------------- ---------- ----------- ---------
                       \< 60      37          28.91%
  Age Groups (years)   \[60-70)   28          21.88%
  ≤70                  63         49.22%      
  Gender               Female     109         85.16%
  Male                 19         14.84%      
  BMI (kg/m^2^)        Normal     5           3.91%
  Overweight           65         50.78%      
  Obese                58         45.31%      

###### Alterations in evaluated laboratory parameters. Post-op 1: 24 h after surgery and Post-op 2: 48 h after surgery

  Parameter                          Time           Mean±SD            95% Confidence   
  ---------------------------------- -------------- ------------------ ---------------- ----------
  Total Bilirubin                    Preoperative   0.61±0.19          \[0.58           -0.64\]
  Post-op 1                          0.66±0.22      \[0.62-0.7\]                        
  Post-op 2                          0.72±0.33      \[0.66             -0.78\]          
  Alkaline Phosphatase (ALP)         Preoperative   190.2±57.8         \[180.1          -200.3\]
  Post-op 1                          186.4±52.3     \[177.2            -195.5\]         
  Post-op 2                          187.9±63.9     \[176.73-199.1\]                    
  Alanine Aminotransferase (ALT)     Preoperative   24.0±8.7           \[22.5           -25.6\]
  Post-op 1                          39.5±24.1      \[35.3             -43.7\]          
  Post-op 2                          42.6±39.0      \[35.8             -49.5\]          
  Aspartate Aminotransferase (AST)   Preoperative   22.6±7.7           \[21.3           -24.0\]
  Post-op 1                          42.7±30.2      \[37.4             -48.0\]          
  Post-op 2                          46.6±58.1      \[36.4             -56.8\]          
  Lactate Dehydrogenase (LDH)        Preoperative   394.5±84.2         \[379.8          -409.3\]
  Post-op 1                          412.4±116.6    \[392.0            -432.8\]         
  Post-op 2                          439.5±154.3    \[412.5            -466.5\]         

###### Comparison of evaluated laboratory parameters across the time

  Parameter                                                                                         Primary time                                                                                    Secondary time   Mean           P Value[\*](#tab3_fn1){ref-type="table-fn"}   95% Confidence
  ------------------------------------------------------------------------------------------------- ----------------------------------------------------------------------------------------------- ---------------- -------------- --------------------------------------------- ---------------------
                                                                                                                                                                                                    Post-op 1        3.82±2.06      0.200                                         \[-1.19-8.84\]
                                                                                                    Preoperative                                                                                                                                                                  
  ALP                                                                                                                                                                                               Post-op 2        2.30±3.00      0.99                                          \[-4.98-9.59\]
                                                                                                    Post-op 1                                                                                       Post-op 2        -1.51±2.37     0.99                                          \[-7.28-4.24\]
                                                                                                                                                                                                    Post-op 1        -20.04±2.63    0.001                                         \[-26.44-(-13.64)\]
                                                                                                    Preoperative                                                                                                                                                                  
  AST                                                                                                                                                                                               Post-op 2        -23.93±5.05    0.001                                         \[-36.19-(-11.67)\]
                                                                                                    Post-op 1                                                                                       Post-op 2        -3.88±2.96     0.577                                         \[-11.08-3.31\]
                                                                                                                                                                                                    Post-op 1        -15.44±1.98    0.001                                         \[-20.27-(-10.62)\]
                                                                                                    Preoperative                                                                                                                                                                  
  ALT                                                                                                                                                                                               Post-op 2        -18.62±3.37    0.001                                         \[-26.81-(-10.43)\]
                                                                                                    Post-op 1                                                                                       Post-op 2        -3.17±1.97     0.334                                         \[-7.97-1.62\]
                                                                                                                                                                                                    Post-op 1        -17.86±7.67    0.065                                         \[-36.48-0.76\]
                                                                                                    Preoperative                                                                                                                                                                  
  LDH                                                                                                                                                                                               Post-op 2        -44.93±11.93   0.001                                         \[-73.89-(-15.98)\]
                                                                                                    Post-op 1                                                                                       Post-op 2        -27.07±6.68    \<0.001                                       \[-43.29-(-10.86)\]
                                                                                                                                                                                                    Post-op 1        -0.052±0.016   0.005                                         \[-0.091-(-0.013)\]
  Total                                                                                             Preoperative                                                                                                                                                                  
                                                                                                                                                                                                    Post-op 2        -0.107±0.25    0.001                                         \[-0.168-(-.047)\]
                                                                                                                                                                                                                                                                                   
  bilirubin                                                                                                                                                                                                                                                                       
                                                                                                    Post-op 1                                                                                       Post-op 2        -0.055±0.20    0.018                                         \[-0.103-(-.007)\]
                                                                                                                                                                                                                                                                                   
  ALP: Alkaline phosphatase; ALT: Alanine aminotransferase; AST: aspartate aminotransferase; LDH:                                                                                                                                                                                 
  lactate                                                                                           dehydrogenase (LDH); Post-op 1: 24 hours after surgery and Post-op 2: 48 hours after surgery.                                                                                 

Adjustment for multiple comparisons: Bonferroni test
